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EMBEDDED SEMICONDUCTOR PRODUCT 
WITH DUAL DEPTH ISOLATION REGIONS 

Field of the Invention 

[0001] The invention relates generally to logic and memory embedded semiconductor products. 
More particularly, the invention relates to capacitor embedded isolation structures within logic 
and memory embedded semiconductor products. 

Description of the Related Art 
[0002] Common in the semiconductor product art is the design and fabrication of embedded 
semiconductor products. Embedded semiconductor products include separate groups of 
transistors that perform either logic functions or memory functions. Embedded semiconductor 
products are desirable insofar as they allow for fabrication of system on a chip (SoC) 
components while employing a single semiconductor die. 

[0003] Embedded semiconductor products are not, however, without problems. As 
semiconductor device dimensions decrease, it becomes increasingly difficult to form memory 
portions of embedded semiconductor products with adequate capacitance. Inadequate 
capacitance provides for inadequate data storage capabilities. 

[0004] The invention is thus directed towards forming embedded semiconductor products with 
enhanced memory portion capacitance. 
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Summary Of The Invention 
[0005] The invention provides an embedded semiconductor product and a method for fabrication 
thereof. The embedded semiconductor product has an enhanced storage capacitance within a 
memory portion thereof. The invention realizes the foregoing object by forming a storage trench 
deeper within a memory cell region of an embedded semiconductor product than in a logic cell 
region of the embedded semiconductor product. By employing the storage trench deeper within 
the memory cell region, a storage capacitor of enhanced size may be formed embedded within an 
isolation region within the isolation trench. Thus, the storage capacitor may also be formed with 
enhanced capacitance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] The objects, features and advantages of the invention are understood within the context of 
the Description of the Preferred Embodiment, as set forth below. The Description of the 
Preferred Embodiment is understood within the context of the accompanying drawings, which 
form a material part of this disclosure, wherein: 

[0007] Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6 and Fig. 7 show a series of schematic cross- 
sectional diagrams illustrating the results of progressive stages in fabricating an embedded 
semiconductor product in accord with the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0008] The invention provides an embedded semiconductor product and a method for fabrication 
thereof. The embedded semiconductor product has an enhanced storage capacitance within a 
memory portion thereof. The invention realizes the foregoing object by forming a storage trench 
deeper within a memory cell region of an embedded semiconductor product than in a logic cell 
region of the embedded semiconductor product. By employing the storage trench deeper within 
the memory cell region, a storage capacitor of enhanced size may be formed embedded within an 
isolation region within the isolation trench. Thus, the storage capacitor may also be formed with 
enhanced capacitance. 

[0009] Fig. 1 to Fig. 7 show a series of schematic cross-sectional diagrams illustrating the results 
of progressive stages in fabricating an embedded semiconductor product in accord with the 
invention. Fig. 1 shows a schematic cross-sectional diagram of the semiconductor product at an 
early stage in its fabrication. 

[0010] Fig. 1 shows a semiconductor substrate 10. A series of patterned pad dielectric layers 12 
is formed upon the semiconductor substrate 10 and a series of patterned silicon nitride layers 14 
is formed aligned upon the series of patterned pad dielectric layers 12. The series of patterned 
pad dielectric layers 12 and the series of patterned silicon nitride layers 14 define the locations of 
a series of isolation trenches 1 1 within the semiconductor substrate 10. 
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[0011] The semiconductor substrate may be of any composition, several dopant concentrations 
and several crystallographic orientations. Exemplary compositions include, but are not limited to 
silicon semiconductor substrates, germanium semiconductor substrates, silicon-germanium alloy 
semiconductor substrates, composites thereof and any of the foregoing as "on insulator" 
semiconductor substrates such as silicon on insulator semiconductor substrates. Typically, the 
semiconductor substrate 10 is a silicon semiconductor substrate. 

[0012] The series of patterned pad dielectric layers 12 is typically formed of a silicon oxide 
dielectric material formed incident to thermal oxidation of the semiconductor substrate 10 when 
formed of silicon. Other pad dielectric materials may be employed. Typically, each of the series 
of pad dielectric layers 12 is formed to a thickness of from about 10 to about 50 angstroms. 

[0013] The series of patterned silicon nitride layers is typically formed employing a chemical 
vapor deposition (CVD) method. Typically, each of the series of patterned silicon nitride layers 
14 is formed to a thickness of from about 200 to about 1000 angstroms. 

[0014] The series of isolation trenches 11 is typically formed within the semiconductor substrate 
10 to a depth of from about 2500 to about 5000 angstroms and a linewidth of from about 0.1 to 
about 1.0 microns. 
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[0015] As is illustrated in Fig. 1, the semiconductor substrate 10 is divided into two regions. A 
first region is a logic region RL and a second region is a memory region RM. 

[0016] Fig. 2 first shows the results of masking the isolation trench 11 within the logic region 
RL with a first patterned photoresist layer 16. The first patterned photoresist layer 16 may be 
formed of either a positive photoresist material or a negative photoresist material. Typically, the 
first patterned photoresist layer 16 is formed to a thickness of from about 10000 to about 15000 
angstroms. 

[0017] Fig. 2 also shows the results of further etching the pair of isolation trenches 1 1 within the 
memory region RM to form a pair of elongated isolation trenches 1 V within the memory region 
RM. The pair of elongated isolation trenches IT is etched to a depth of from about 4000 to 
about 9000 angstroms to thus provide an increased depth of from about 1500 to about 4000 
angstroms in comparison with the pair of isolation trenches 1 1 . 

[0018] Fig. 3 first shows the results of stripping the first patterned photoresist layer 16, the series 
of patterned silicon nitride layers 14 and the series of patterned pad dielectric layers 12 from the 
semiconductor substrate 10. The foregoing layers may be striped employing methods and 
materials as are conventional in the semiconductor product fabrication art. Typically, the first 
patterned photoresist layer will be stripped employing an appropriate photoresist stripping 
material (either dry plasma, wet chemical or mixture thereof). The series of patterned silicon 
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nitride layers is typically stripped employing a phosphoric acid stripping solution. The series of 
patterned pad dielectric layers is typically stripped employing an aqueous hydrofluoric acid 
containing etchant. 

[0019] Fig. 3 also shows the results of forming: (1) an isolation region 18 within the isolation 
trench 11 within the logic region RL of the semiconductor substrate 10; and (2) a pair of 
elongated isolation regions 18' within the pair of elongated isolation trenches IT within the 
memory region RM of the semiconductor substrate 10. 

[0020] The isolation region 18 and the pair of elongated isolation regions 18' are typically 
formed employing a blanket isolation layer deposition and chemical mechanical polish (CMP) 
planarizing method. The method will typically employ the series of patterned silicon nitride 
layers as planarizing stop layers. Thus, the series of patterned silicon nitride layers 14 and the 
series of patterned pad dielectric layers 12 are often not stripped until after forming the isolation 
region 18 and the pair of elongated isolation regions 18'. 

[0021] Fig. 4 first shows a series of second patterned photoresist layers 20 formed: (1) fully 
covering the semiconductor substrate 10 and the isolation region 18 within the logic region RL 
of the semiconductor substrate 10; and (2) partially covering the active region and the elongated 
isolation region within the memory region RM of the semiconductor substrate 10. The series of 
second patterned photoresist layers 20 is formed of photoresist materials and thicknesses 
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analogous, equivalent or identical to the materials and thicknesses employed for forming the first 
patterned photoresist layer 16, 

[0022] Fig. 4 also shows the results of etching exposed portions of the pair of elongated isolation 
regions 18' to form a pair of etched elongated isolation regions 18". The pair of etched 
elongated isolation regions 18" leaves exposed sidewall portions of the elongated isolation 
trenches. 

[0023] Fig. 5 shows the results of ion implanting exposed corner region portions of the active 
region of the semiconductor substrate 10 within the memory region RM to form a series of 
corner implanted regions 22. The ion implanting is undertaken employing a dopant polarity as is 
appropriate for the semiconductor substrate 10. Typically, the corner implanted regions are have 
a dopant concentration of from about IE 18 to about 1E20 dopant atoms per cubic centimeter. 
They also serve as capacitor node layers within a series of storage capacitors formed incident to 
further processing of the semiconductor product of Fig. 5. 

[0024] Fig. 6 first shows the results of stripping the series of second patterned photoresist layers 
20 from the semiconductor product of Fig. 5. The series of second patterned photoresist layers 
20 may be stripped employing methods and materials as are employed for stripping the first 
patterned photoresist layer 16 as illustrated in Fig. 3. 
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[0025] Fig. 6 also shows a series of gate and capacitor dielectric layers 24 formed upon exposed 
active regions within the logic region RL and memory region RM of the semiconductor substrate 
10, as well as upon exposed sidewalls of elongated isolation trenches within the memory region 
RM of the semiconductor substrate 10. 

[0026] The series of gate and capacitor dielectric layers 24 may be formed incident to a thermal 
oxidation method such as to form the same as oxide layers, i.e., typically silicon oxide layers. 
Alternatively, the series of gate and capacitor dielectric layers 24 may be formed as deposited 
dielectric layers while employing methods such as chemical vapor deposition (CVD) methods. 
The deposited dielectric layers may have generally higher dielectric constants, for example 
greater than about 10. Higher dielectric constant dielectric materials may include, but are not 
limited to transition metal oxides, lead zirconate titanate and barium strontium titanate dielectric 
materials. Typically, the series of gate and capacitor dielectric layers 24 is formed to a thickness 
of from about 10 to about 200 angstroms. 

[0027] Fig. 7 first shows the results of forming a series of gate electrodes 26 upon the series of 
gate and capacitor dielectric layers 24 within the logic region RL and memory region RM of the 
semiconductor substrate. Fig. 7 also shows a series of capacitor plate layers 26' formed upon the 
series of gate and capacitor dielectric layers 24 within the memory cell region RM and mirroring 
the series of corner implanted regions 22 such as to form a series of storage capacitors. Fig. 7 
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finally shows an interconnect layer 26" formed upon the etched elongates isolation region 18" 
within the memory region RM of the semiconductor substrate 10. 

[0028] The series of gate electrodes 26, the series of capacitor plate layers 26' and the 
interconnect 26" are typically formed incident to patterning of a single deposited layer. The 
single deposited layer may be a polysilicon or polycide laminate layer. The single deposited 
layer may also be laminated of several metals and metal nitrides. Typically, the single layer is 
formed to a thickness of from about 1500 to about 3500 angstroms. 

[0029] Fig. 7 also shows a series of spacer layers 28 formed adjoining a series of sidewalls of the 
series of gate electrodes 26, the series of capacitor plate layers 26' and the interconnect 26". The 
spacer layers 28 may be formed employing a deposition and anisotropic etch method as is 
otherwise conventional in the semiconductor product fabrication art. Typically, each of the 
spacer layers 28 is formed of a dielectric material. 

[0030] Fig. 7 finally shows a series of source/drain regions 30 formed into the active regions of 
the semiconductor substrate 10 within both the logic region RL and the memory region RM. The 
series of source/drain regions 30 is formed employing a two step ion implantation method, 
employing separate ion implantation steps before and after formation of the spacers. 
Corresponding series of source/drain regions, gate and capacitor dielectric layers 24 and gate 
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electrodes 26 provide a series of field effect transistor devices within both the logic region RL 
and memory region RM of the semiconductor substrate. 

[0031] Fig. 7 shows a schematic cross-sectional diagram of a semiconductor product in accord 
with a preferred embodiment of the invention. The semiconductor product is an embedded 
memory and logic semiconductor product. The embedded memory and logic semiconductor 
product allows for enhanced storage cell capacitance by forming an isolation trench and an 
isolation region deeper within a memory region than a logic region. The deeper isolation trench 
and isolation region allow for forming a deeper capacitor node region within a semiconductor 
substrate and a larger capacitor plate layer mirroring the capacitor node. 

[0032] The preferred embodiment of the invention is illustrative of the invention rather than 
limiting of the invention. Revisions and modifications may be made to methods, materials, 
structures and dimensions employed for fabricating a semiconductor product in accord with a 
preferred embodiment of the invention while still fabricating a semiconductor product in accord 
with the invention, further in accord with the accompanying claims. 
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